Information about metals concentrations in soil profiles of Peshawar-Pakistan in relation to their parent material is in scarcity. The study was aimed to identify the source of metals in soils and to determine the level of depletion and enrichment. Twenty two soil profiles derived from alluvium, piedmont alluvium, loess and re-deposits loess underlain by quaternary sediments with their respective parent materials were sampled and analyzed for metals by AAS. The average value of Ca, Fe, K, Mg, Na was significantly greater (p<0.05) in piedmont soils than red Murree shales. Cadmium was found to be high in all soils than the parent material. There was no significant difference in total content of Cu in all soils. Total content of Cd, Cr, Mn and Zn was found to be significantly greater (p<0.05) in piedmont soils than alluvium and loess soils, similarly Ni and Pb were significantly greater (p<0.05) in loess soils than piedmont and alluvium soils. The concentrations of Cr, Pb and Zn were significantly greater (p<0.05) in the A horizon of piedmont and alluvium soils than B horizon. The total content of all trace elements except for Cd and Ni was found to be significantly greater (p<0.05) than the reported mean for world soils. There was no significant difference between total trace elements content except for Cd and Ni between soils and parent materials. Data suggested no depletion or enrichment in all metals. All metals were evenly distributed and derived from similar parent material of sedimentary origin. These values could be considered as baseline levels for comparison with soils contaminated due to anthropogenic activities.
INTRODUCTION
Metals status in soils is directly related to the parent material from which soil is derived (Goldschmith and Muir, 1954; Mitchell, 1960; Swaine and Mitchell, 1960; Wells, 1960; Durate et al., 1961) . This is especially true for those soils which are formed from homogeneous or single parent material such as soils overlaid by igneous rocks (granite or basalt) or sedimentary rocks (sandstones, shales, limestones, dolomite) or young soils that have been weathered under temperate conditions (Davies and White, 1987; Ramussen, 2007; Nael et al., 2009) . In contrast, soils derived from heterogeneous or diverse parent material such as glacial tills or soils *Corresponding author. E-mail: saminasddq@yahoo.com. Tel: 03005886916, 0092-91-9216427.
overlaid by natural parent material or soils under the influence of anthropogenic activities from various sources usually vary considerably in their metals status (Jarva et al., 2009; Wang et al., 2009) . Therefore in the later category of soils, it is difficult to establish strong relationship of metals status in soils with their parent material. In such soils it is imperative to investigate other possible processes such as soil pedogenic processes for determining the geochemical association between soils and parent material. Gough et al. (1989) and Bulmer and Lavkulich (1994) reported that the greater content of Ni in B horizon compared to A and C horizons was because of pedogenic processes. Paulo et al. (2005) reported that Cd, Cr, Cu, Ni, Pb and Zn concentrations were greater in B horizon of Alfisols. This sequence was linked to clay illuviation.
The mean value of Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb and Zn in the world soils derived from diverse parent materials are 13700, 0.06, 100, 20, 38000, 14000, 5000, 850, 63000, 40, 10 , and 50 mg kg -1
, respectively (Bowen, 1979) . Soils of various parts of the world vary in metals concentration because of variable parent materials, climate and topography (Alloway, 1995) . Alekseev et al., (2008) found that variation in mineralogical composition of soils of various ages were primarily because of climate and secondarily because of weathering processes. Woodruff et al. (2009) reported variation in trace elements concentrations in soils derived from glacial tills whereas Swaine and Mitchell (1960) reported no variation in the trace elements content in soils derived from glacial tills. This apparent contrast could be associated with factors other than parent material affecting the degree and extent of metals mobility, within the soil profile (Alekseev et al., 2008; Ugolini and Bockheim, 2008; Smith, 2009) .
Metals concentrations and mineralogical composition of alluvial soils underlain by quaternary sediments are directly related to the parent materials from which soil is derived. Sultan and Shazili (2009) studied the metals concentrations in surface soils derived from granite, quaternary alluvial and metasediments of the Terengganu River Basin, Malaysia. They found that the deficiency of metals in alluvial soils of quaternary sediments was more likely because of leaching processes than geochemical characteristics of the sediments. Tariq (2001) carried out a detailed study on metals concentrations in floodplain, piedmont soils underlain by quaternary sediments of Peshawar Basin. The study revealed that elevated concentrations of Cr and Ni in the surface piedmont soils were because of calcite rocks which are in abundance in PeshawarPakistan. High level of Na in arid zone soils was associated with processes of sodification and salinization (Sposito, 1989) .
Peshawar soils are widely studied for trace elements concentrations in the soils, however, information about the major and minor elements concentrations in each horizons of a soil profile according to soil series is lacking.
Therefore, major and trace elements concentrations in 22 soil series were determined in order to develop a database and to identify their source and assess any depletion or enrichment. The database collected from this study will be compared with the values reported for world soil and for contamination threshold values for normal soils. The data will provide baseline information for environmental and agricultural uses.
MATERIALS AND METHODS

Soil series of Peshawar district
Peshawar soils are classified into 22 soil series according to US taxonomical classification (Figure 1 ). Soil series were described and 
Soil sample collection and analysis
Surface litter was removed with a spade and a pit was excavated up to a depth of 100 to 170 cm (Soil Survey of Pakistan, 1998). Soil samples were collected from each horizon of a soil profile. Representative soil samples were brought to the laboratory and composite samples were broken down and mixed thoroughly by hand. The soils were partially dried just to allow sieving through 2 mm mesh size. The sieved soils were divided into three equal portions of 0.5 kg and were kept in polyethylene bottles in the refrigerator at 2°C until one week prior to incubation. The soil samples were analyzed for organic matter content (Jackson, 1964) , particle size distribution (Avery and Bascomb, 1974) , pH and EC (McLean, 1982) .
Parent material collection and analysis
Peshawar soils are formed from four different parent materials namely: Alluvium, piedmont alluvium, loess and re-deposits loess. The loess parent material overlying the rhythmite sediments (Rundell, 1993) was collected near the Jalala sections in the Peshawar basin. Kabul river sediment sample was collected from the exposed quaternary break-out flood sediments (Cornwell, 1998) near Nowshera along the south of Kabul River. Re-deposits loess samples were collected from the soils near Charsadda-Shahbaz Garhi road in Mardan Basin (Elberson, 1973) . Red Murree Shales rock sample was collected from the exposed outcrop of HazaraKashmir Syntax. The samples were brought to the laboratory and rock samples were pulverized by a crusher and were analyzed for major and minor elements using Perkin Elmer Analyst 700, Atomic Absorption Spectrometer equipped with graphite furnace and Mercury Hydride system.
Metals extraction
For determination of Ca, Fe, K, Mg, Mn, Na, triplicate subsamples of oven dry soil (0.5 g) were removed from bulk soil samples and were added to 120 ml Teflon pressure digestion vessel. About 10 ml of HF and 4 ml of HClO4 were added in the Teflon pressure digestion vessel, placed on hot plate for 90 min to dry. Samples were allowed to cool at 22°C and 2 ml of HClO4 was added to Teflon vessel for re-digesion and were placed on hot plate for further 30 min. Thereafter, 4 ml of HClO4 was added in to the vessel and which was placed on the hotplate for further dryness. The aliquots were diluted with 250 ml distilled water and were filtered with Whatmann No 2 and were transferred to plastic bottles before analysis by AAS. For determination of Ca and Mg in the soils, 2 ml of aliquots was taken from the digested samples and 3 ml of La2O3 was added and was diluted with 25 ml of distilled water. The samples were taken in the 30 ml plastic bottles and were placed in the laboratory for further analysis.
Trace metals extraction by aqua regia digestion method
Soil samples were extracted for total content of Cd, Cr, Cu, Ni, Pb and Zn following the procedure of Buckley and Cranston (1971) . Triplicate subsamples of 1 g of oven dry soil was transferred to a 120 ml Teflon pressure digestion vessel followed by adding 5 ml of HF. The vessels were placed on a hotplate until the white paste was obtained. Thereafter the vessels were removed from the hotplate and allowed to cool at room temperature. The white paste in the vessel was treated with 10 ml of aqua regia (1:3 HNO3: HCl) and was placed on the hot plate for 30 min to ensure dryness. After dryness, yellowish brown residue was obtained and was dissolved in 20 ml of 2 N HCl and was placed on a hot plate for an additional 5 to 10 min to ensure re-digestion but avoid complete dryness. After "cooling" the yellowish brown dry residue was diluted with 30 ml of distilled water and was mixed thoroughly by continuous manual shaking for 5 min and then was filtered through filter Paper Whatmann No 2. Each residue was pipetted into a 50 ml plastic bottle and was airtight with caps and was analyzed for trace metals using Atomic Absorption Spectrophotomer (Perkin Elmer Analyst 700).
Statistical analysis
All data were analyzed by multifactor analysis of variance (ANOVAs) using the software package "SPSS Version 10, 2000" since the interaction between factors and processes (soil/ metals) was significant, breakdown of ANOVAs was carried out to show significant differences between soils for selected subsets of data.
RESULTS AND DISCUSSION
General physicochemical characteristics of soils
All soils irrespective of parent materials were calcareous, alkaline in nature, sandy to clay loam in texture and organic matter deficient (Table 1) .
The range and average content of metals in soils derived from different parent material
The descriptive statistics of all metals in all soil samples are presented in Table 2 . The mean values of Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb and Zn in all soils were 36675.5, 0.89, 77.25, 15.5, 49759, 18927, 15284, 596, 19986, 54, 11, 48 mgkg -1 (Table 2) . When the mean values of all metals in the soil samples were compared with their typical soil concentrations as reported by Chen et al. (2004) for China soils and Bowen (1979) for world soils it was noted that Cu, Cr, Mn, Pb and Zn were found to be close to typical soil content. In contrast to that the mean values of Ca, Cd, Fe, K, Mg, Ni and Na were found to be greater than the reported mean values of these elements in world soils (Table 2) .
Peshawar soils are alkaline and calcareous in nature. Calcareous soils are high in Ca and Mg content than noncalcareous soils and alkaline soils contain more Na than acidic soils (Alloway, 2008) . Therefore high content of Ca and Mg in the study soils is linked to the calcite rock which is among one of the most abundant rock of Peshawar Basin (Table 3) (Tariq, 2001; Chesworth, 2008) . The results of this study was in agreement with the findings of Lal (2006) who reported that soils derived from calcite are found to be high in content of Ca than soils derived from ultramafic rocks.
The total Na content in the soils ranged from 6837 to 56262 mg kg -1 with an average value of 17340 mg kg -1 respectively (Table 3) . Shacklette and Boerngen (1984) reported that Na varies from <500 to 100000 mg kg -1 with an average value of 12000 mg kg -1 in the surface soil of USA. Sodium content of the soil of this study was greater than the median Na content in the world surface soils (6300 mg kg -1 and ranging from 750 to 7500 mg kg -1. ). High content of Na in the study soils than world soils is not surprising and the source is mainly because of the saline under groundwater rather than geological source (Tariq, 2001 (Table 3) . Shacklette and Boerngen (1984) reported that K varies from 50 to 63000 mg kg -1 with an average value of 15000 mg kg -1 in the surface soil of USA. The average content of K in soils of this study remained within the typical K content for world soils. The source of K in soils is K-feldspars and muscovite mica (Alloway, 1995) . Mica is the dominant mineral found in the soils of this study (Tariq, 2001) . The results of this study were in agreement with the findings of Pal et al. (2003) who concluded that the source of K in alluvial soils is mica which is normally present in the silt and clay fraction of the soils. The other sources of K in soils may be K fertilizers and farm yard manure which can contribute to the total K concentrations in the soil over a period of time.
The total Fe content in these soils ranged from 23756 to 104150 with an average value of 34572 mg kg . The Fe content in this study was within the Fe content found in the earth crust. The total content of Fe ranged from 100 >100,000 mg kg -1 , with an average value of 26000 mg kg -1 in the surface soils of USA (Shacklette and Boerngen, 1984) (Table 3) . Total Fe content in the Indian soils ranged from 4600 to 273000 mg kg -1 with an average value of 3000 mg kg -1 (Kanwar and Randhawar, 1974) . Iron usually occurs in hematite naturally (Alloway, 1995) .
Cadmium average content in Peshawar soils ranged from 0 to 3.3 mg kg -1 with an average value of 1.74 mg kg -1 . The result of this study is in agreement with the findings of Li et al. (2006) , who reported Cd average content in the soils ranged from 1.74 to 2.88 mg kg -1 . Cadmium content in the lithosphere and world soils is 0.06 mg kg -1 (Bowen, 1979) . Alloway (1995) reported that Cd content in sedimentary rocks varied from 1 to 3 mg kg -1 . The range of Cd in Peshawar soils is within the range of Cd in sedimentary rocks. This suggests that Peshawar soils are derived from sedimentary rocks. However, the possibility of atmospheric deposition cannot be eliminated.
The total Zn content of all soils was in the range of 5.65 to 96.94 mg kg -1 with an average value of 47 mg kg -1
. The Zn content in the lithosphere is around 80 mg kg -1 whereas total Zn content in the soil was in the range of 10 to 300 mg kg -1 with an average of 50 mg kg -1 as reported by Lindsay (1972) . According to Baseer (1979) total Zn content in the calcareous soils of Peshawar was in the range of 56 to 212 mg kg -1
. The soils of this study were found within the typical Zn concentrations for normal soils.
Copper behavior in all soils irrespective of parent materials was similar and no significant difference in terms of Cu concentration was noted in any of the soils and in relation to depth apart from a few exceptions. The total Cu content in all soils was in the range of 1.65 to 39.75 mg kg -1 with an average value of 17.43 mg kg -1 (Table 3) . Copper content in the lithosphere is around 55 mg kg -1 (Baker, 1990) , and average Cu content in the soil ranged from 20 to 30 mg kg -1 (Adriano, 1986) . According to Bowen (1979) total Cu content in the calcareous soils of Peshawar was in the range of 2 to 250 mg kg -1 whereas the mean value was 30 mg kg -1 . Copper content in some soils of this study was less than 1.65 mg kg -1 , which may be due to removal by crops. The Cu leaching is very slow and limited as it is strongly adsorbed by clay particles or organic matter.
The total Ni content of soils ranged from 14 to 153.42 mg kg -1 with an average value of 67.90 mg kg -1 (Table 3) . Nickel content in the lithosphere is around 80 mg kg -1 (Baker, 1990) and average Ni content in the surface soil ranged from <5 to 700 mg kg -1 with an average value of 19 mg kg -1 (Shacklette and Boerngen, 1984) , whereas the average value of Ni in the world soils as reported by Vinogradov (1959) was 40 mg kg -1 and the range is from 5 to 500 mg kg -1 (Adriano et al., 1980) . The total Mn content in all soils ranged between 415 to 925 mg kg -1, with an average value of 599 mg kg -1 (Table  3) The Mn content in the lithosphere is around 1000 mg kg -1 whereas total Mn content in the soils ranged from 20 to 10000 mg kg -1 with an average of 1000 mg kg -1 (Bowen, 1979) . Freedman and Hutchison (1981) reported Mn was in the range from 100 to 4000 mg kg
with an average value of 850 mg kg -1 of normal soils. McKeague and Wolynetz (1980) found that in the 53 surface soils of Canada, the range of Mn was from 100 to 1200 mg kg -1 with a mean value of 520 mg kg 1 . Therefore, the Mn contents in these soils are comparable to the reported values.
The total Cr content in all soils ranged from 30 to 133 mg kg -1 with an average value of 71 mg kg -1 (Table 3) . Chromium content in the lithosphere is around 100 mg kg -1 (Baker, 1990) and average Cr content in the world soils was 50 mg kg -1 (Berrow and Reaves, 1984) . According to the report of Bowen (1979) the range of Cr in normal soil is 10 to 150 mg kg -1 with an average value of 40 mg kg -1 . The normal Cr content for calcareous soils varies from 5 to16 mg kg -1 (Adriano, 2001; KabataPendias and Pendias, 2001 ). The greater content of Cr in uncontaminated soils of this study compared to the average content as reported by Kabata-Pendias (2001) is more likely because of the parent material from which Peshawar soils are formed.
The total Pb content in these soils was in the range of 3 to 20.4 mg kg -1 with an average value of 11.04 mg kg -1 (Table 3 ). The Pb content in the lithosphere is around 14 mg kg -1 whereas total Pb content in the soil was in the range of 2 to 200 mg kg -1 with an average of 19 mg kg as reported by Bowen (1979) and Schacklette and Boerngen (1984) . The content of Pb in the study soils remained within the range reported for Pb in world soils.
Relationship between geology and geochemistry of soils
The geological features of Peshawar soils revealed that soils are derived from quaternary sediments of mafic and ultramafic origin deposits over 3 million years before overlain by alluvial, piedmont alluvial, loess and re-deposits loess (Tariq, 2001) . The data presented in Table 2 showed that there was no significant difference in terms of metals average content among soils and their parent material. However, it was noted that the average content of Ca, Fe, K, Mg and Na was significantly greater (p<0.05) in the piedmont soils than red Murree shales (Tables 3 and 4 ). This suggests that some other parent materials might have been mixed up and contributed to these soils. This is in agreement with what has already been reported by Bowen (1979) that old and weathered soils showed similar distribution of metals than young and less weathered soils. In contrast to that when the average content of metals in all soils was compared with their corresponding average value in mafic and ultramafic rocks as reported by Alloway (1995) , it was observed that the average content of all metals in all soils and to that of their relevant parent materials is more or less within the range of average value of these metals in mafic rocks rather than ultramafic rocks except for Cd, K and Na. The greater content of Cd, K and Na in all soils in relation to the mafic rocks reflects the diversity of parent material and also supports the contention that Peshawar soils are derived from contrasting parent materials. There might be another possibility that greater content of Cd is related to the diverse geological source deposits by the surrounding geology, bedrock geology or Kabul river sediment but high content of K is linked to the K-bearing minerals. The results of this study are in agreement with the findings of Tariq (2001) who reported that Peshawar soils were high in Mn, Ni, which is a characteristics of ultramafic rocks while high content of Cu, and Cr is linked to the mafic source and whereas the presence of high content of Na and K in soils may be linked to arid and semiarid tropical subcontinent condition. Metals status in soils is linked to the parent material as mentioned above, however, variation in their content from horizon to horizon within a soil profile because of pedogenic processes is yet to be explained. The results of total content of metals in horizons of a six profile (Table 4) suggested no significant variations related to pedogensis except for Cd which varied significantly between horizons. This is not unexpected as most of the soils are young and less weathered, hence, very little amount of metals is available for pedogenic translocation (Swaine, 1955; Gouny and Cornillon; 1970; Khawar and Shazili, 2009 ). Contrary to that in well (Tables 4 and 5 ). The greater content of Cr and Zn cannot be linked with abrupt increase in clay content in Btb horizon than other horizons lying above Btb horizon (Table 2 ). This also supports the contention that this increase in metals is mainly related to the leaching processes rather than clay illuviation during pedogensis.
The enrichment factor (EF) for metals
The enrichment factor (EF) was calculated as heavy metal concentration ratios between the total average content of metal in all horizons of soil profiles and metals content in C horizon, in parent material and in earth crust (Tables 5 and 6 ) (Sposito, 1989 , Manta et al., 2002 . Enrichment factor between 0.5 to 2.0 represent no depletion or enrichment, <0.5 represents significant depletion whereas 2.0 to 10 shows some enrichment whereas >10 represents strong enrichment (Sardans and Penuelas, 2006; Timofeeva, 2008) . There was no significant difference between the average content of all metals in the C horizon and parent materials of the soils of this study (Table 6 ). There were no significant differences in the average content of Ca, Fe, K, Mg, and Pb between the C-horizon or parent materials of this study and earth crust (Sposito, 1989) . The average content of Cr, Cu, Mn, and Zn was significantly less (p<0.05) than their value in the earth crust (Sposito, 1989) . However, Cd value was significantly greater (p<0.05) in the parent materials or C horizon than the earth crust (Table 6 ). Enrichment factor of this study ranged from 0.5 to 1.2 which represents no depletion and no enrichment. This suggests that soils are uncontaminated and the values obtained from this study can be used to compare the contaminated soils with respect to industrial effluents or wastewaters in soils and atmospheric fall out within Peshawar district.
CONCLUSIONS
Peshawar soils are derived from residual and transported materials. The upper horizon (A) of Peshawar soils is covered by alluvium, colluvium and loess deposits whereas lower horizon (C) reflects the characteristics of bedrock which is quaternary sediments. There is no variation in terms of metals concentrations in A and C horizons of all soils except for a few exceptions. This also suggests that the geochemical characteristics of residual and transported materials from which Peshawar soils are derived is more or less similar and of sedimentary origin. Peshawar soils suggested no depletion and enrichment for all metals except for Cd in alluvium and piedmont alluvium soils. Similarly all metals are evenly distributed throughout Peshawar as presented in soil series map. This suggests that the source of these metals may be geo-chemically similar.
The effect of pedogenic processes on metals distribution in any of the soil profiles was not observed except for a soil profile having argillic horizon which is very rare among other soil profiles. Copper was found to be low in the A horizon of most of the soils than B and C horizons. The depletion of Cu in the surface soil is mainly related to its strong association with rhizosphere rather than pedogeneic translocation.
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